metal-organic compounds 



Acta Crystallographica Section E 

Structure Reports 
Online 

ISSN 1600-5368 

{4-Hydroxy-/V-[(2£,3Z)-4-oxido-4- 

phenylbut-3-en-2-ylidene]benzo- 

hydrazidato}dimethyltin(IV) 

Md. Abu Affan, 3 * Norrihan B. Sam, a Fasihuddin B. 
Ahmad, 3 Fraser White b and Edward R. T. Tiekink c * 

a Faculty of Resource Science and Technology, Universiti Malaysia Sarawak, 94300 
Kota Samarahan, Sarawak, Malaysia, b Agilent Technologies UK Ltd, 10 Mead Road, 
Oxford Industrial Park, Oxford OX5 1QU, England, and c Department of Chemistry, 
University of Malaya, 50603 Kuala Lumpur, Malaysia 
Correspondence e-mail: edward.tiekink@gmail.com 

Received 15 June 2011; accepted 1 6 June 201 1 

Key indicators: single-crystal X-ray study; T = 1 50 K; mean ct(C-C) = 0.005 A; 
R factor = 0.032; wR factor = 0.081; data-to-parameter ratio = 13.6. 

The Sn IV atom in the title compound, [Sn(CH 3 ) 2 - 
(C 17 H 14 N203)], is five-coordinated within a C 2 N 2 0 donor set 
provided by the A^O-tridentate ligand and two methyl 
groups. The resultant coordination geometry is intermediate 
between trigonal-bipyramidal and square-pyramidal. In the 
crystal, supramolecular zigzag chains propagating along the c- 
axis direction are mediated by O— H- ■ O hydrogen bonds, 
and weak C— H- ■ -it interactions consolidate the packing. 

Related literature 

For background to the biological interest of related 
compounds, see: Affan et al. (2010). For related structures, see: 
Affan et al. (2009, 2011). For additional structural analysis, see: 
Addison et al. (1984). 




Experimental 

Crystal data 

[Sn(CH 3 ) 2 (C 17 H 14 N 2 0 3 )] 
M, = 443.06 
Monoclinic, P2Jc 
a = 8.0784 (2) A 
b = 20.5410 (5) A 
c = 11.1678 (3) A 
P = 93.025 (2)° 



V = 1850.58 (8) A J 
Z = 4 

Cu Ka radiation 
H = 11.15 mm -1 
T = 150 K 

0.22 x 0.16 x 0.10 mm 



Data collection 

Agilent SuperNova Dual 
diffractometer with an Atlas 
detector 

Absorption correction: analytical 
(CrysAlis PRO; Agilent, 2011) 
= 0.696, T max = 0.822 

Refinement 

R[F 2 > 2a(F 2 )} = 0.032 

wR(F 2 ) = 0.081 

S = 1.00 

3124 reflections 

Table 1 



5718 measured reflections 
3124 independent reflections 
2690 reflections with / > 2a(l) 
R in , = 0.038 



230 parameters 

H-atom parameters constrained 
Ap max = 0.76 e A~ 3 
A/> mi „ = -0.72 e A~ 3 



Selected geometric parameters (A, °). 


Sn-Ol 


2.156 (3) 


Sn-C18 




2.105 (4) 


Sn-03 


2.099 (3) 


Sn-C19 




2.112 (4) 


Sn-N2 


2.148 (3) 








Ol-Sn-03 


155.08 (10) 


C18-Sn- 


-C19 


124.65 (18) 


Table 2 










Hydrogen-bond geometry (A, °). 








Cgl, Cgl and Cg3 are the centroids of the C12-C17, Sn,01,Cl,Nl,N2 and C2- 


C7 rings, respectively. 










D-H ■ A 


D-H 


H- ■ A 


D- ■ A 


D-H-A 


02-H2o-Ol' 


0.84 


1.91 


2.702 (3) 


156 


C4-H4- ■ Cgl" 


0.95 


2.91 


3.624 (4) 


133 


C9-H9c- ■ Cg2 m 


0.98 


2.88 


3.777 (4) 


152 


C16-H16- ■ Q3' v 


0.95 


2.89 


3.668 (4) 


140 


Symmetry codes: (i) x, - 


-y + iz + h (ii) 


-x,y + l,-z 


+ |; (iii) — x, 


-y,-Z+l; (iv) 


-x + l,y-\, -z + \. 
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Data collection: CrysAlis PRO (Agilent, 2011); cell refinement: 
CrysAlis PRO; data reduction: CrysAlis PRO; program(s) used to 
solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to 
refine structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
ORTEP-3 (Farrugia, 1997) and DIAMOND (Brandenburg, 2006); 
software used to prepare material for publication: PLATON (Spek, 
2009) and publCIF (Westrip, 2010). 

We thank MOSTI (grant No. 06-01-09-SF0046) and the 
Universiti Malaysia Sarawak for support of this work. 

Supplementary data and figures for this paper are available from the 
IUCr electronic archives (Reference: HB5915). 
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{4-Hydroxy-iV- [(2ii,3Z)-4-oxido-4-phenylbut-3-en-2-ylidene] benzohydrazidato} dimethyltin(IV) 
M. A. Affan, N. B. Sam, F. B. Ahmad, F. White and E. R. T. Tiekink 

Comment 

The title compound, (I), was examined in connection with on-going structural studies (Affan et al, 2010) of organotin 
derivatives of biological interest (Affan et al. , 2009), and compliments the structure of the diphenyltin analogue (Affan et 
al., 2011). 

The Sn atom in (I), Fig. 1, is five-coordinated by the tridentate ligand and two methyl groups, Table 1. The resulting 
C2NO2 donor set defines a coordination geometry intermediate between square pyramidal and trigonal bipyramidal geo- 
metry. This is quantified by the value of x = 0.51 which compare to the x values of 0.0 and 1.0 for ideal square pyramidal and 
trigonal bipyramidal geometries, respectively (Addison et al, 1984). For comparison, the values of x for the two independent 
molecules in the structure of the diphenyltin analogue are 0.55 and 0.47 (Affan et al, 2011). 

While the five-membered SnCN20 chelate ring is almost planar with a r.m.s. deviation = 0.063 A [max. deviations 
of 0.039 (1) and -0.052 (2) A for the Sn and 01 atoms, respectively], there is considerable distortion in the SnC3NO six- 
membered chelate [r.m.s. deviation = 0.226 A] with the Sn and 03 atoms lying -0.209 (1) and 0.245 (3) A out of the 
least-squares plane. Each of the benzene rings is twisted out of the plane from the adjacent chelate ring as seen in the 
01— CI— C2— C3 and 03— Cll— C12— C13 torsion angles of 13.7 (5) and -150.4 (4)°, respectively. The dihedral angle 
between the two benzene rings is 68.14 (18) °, indicating a twist in the tridentate ligand. 

The crystal packing is dominated by O — H - 0 hydrogen bonding, Table 2, which leads to a zigzag supramolecular chain 
along the c axis, Fig. 2. These are consolidated in the crystal structure by C — H---7I interactions, Table 2. 

Experimental 

Benzoylacetone 4-hydroxybenzhydrazone (0.59 g, 2 mmol) was dissolved in distilled methanol (20 ml) under a nitrogen 
atmosphere. Potassium hydroxide (0.23 g, 4 mmol) dissolved in methanol (10 ml) was added drop wise to the solution. 
The colour of the solution changed from yellow to orange. The resulting mixture was refluxed for 1 h and then treated 
with dimethyltin dichloride (0.439 g, 2 mmol) in distilled methanol (10 ml). The resulting mixture was heated under reflux 
conditions for 4 h and allowed to cool to room temperature. Potassium chloride (KC1) was removed via filtration. The filtrate 
was evaporated to dryness using a rotary evaporator to yield yellow microcrystals. The microcrystals were filtered off and 
washed with ethanol and dried in vacuo over P2O5 overnight. Yellow blocks of (I) were obtained by slow evaporation of 

its acetone solution at room temperature. Yield: 0.94 g, 75%. M.pt: 504-506 K. IR (v max , cm" 1 , KBr): 3569 (OH), 1591 
(C=N— N=C), 949 (N— N), 562 (Sn— C), 525 (Sn— O), 447 (Sn— N). 
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Refinement 

Carbon-bound H-atoms were placed in calculated positions (O — H = 0.84 A; C — H = 0.95 to 0.98 A) and were included in 
the refinement in the riding model approximation with (7i S0 (H) set to 1.2-(7 e q(C) and 1.5-J7 eq (0, methyl-C). 



Figures 
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Fig. 1 . The molecular structure of (I) showing displacement ellipsoids at the 50% probability 
level. 




Fig. 2. A view of the supramolecular chain aligned along [001] in (I). The O — H-0 hydrogen 
bonds are shown as orange dashed lines. 



Fig. 3. A view in projection down the c axis of the crystal packing in (I). The O — H-0 hy- 
drogen bonds and C — H—jt interactions are shown as orange and purple dashed lines, respect- 
ively. 



{4-Hydroxy-W-[(2£,3Z)-4-oxido-4-phenylbut-3-en-2- ylidene]benzohydrazidato}dimethyltin(IV) 



Crystal data 

[Sn(CH 3 )2(C 1 7H 1 4N 2 03)] 
M r = 443.06 
Monoclinic, P2\lc 
Hall symbol: -P 2ybc 
a = 8.0784 (2) A 
b = 20.5410 (5) A 
c = 11.1678 (3) A 
(3 = 93.025 (2)° 

V= 1850.58 (8) A 3 
Z=4 



.-3 



,F(000) = 88 
D x = 1.590 MgnT 
Cu Ka radiation, X = 1 . 54 1 84 A 
Cell parameters from 3495 reflections 
6 = 4.0-74.2° 

H = 11.15 mm 1 
T= 150 K 
Block, yellow 
0.22x0.16x0.10 mm 
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Data collection 



Agilent SuperNova Dual 
diffractometer with an Atlas detector 
Radiation source: SuperNova (Cu) X-ray Source 
Mirror 
co scans 

Absorption correction: analytical 
{CrysAlis PRO; Agilent, 2011) 
r min = 0.696, r max = 0.822 
5718 measured reflections 



3124 independent reflections 

2690 reflections with / > 2o(7) 
R mX = 0.038 

9max = 65.0°, 0 m i n = 4.5° 

h = -6^9 

k = -24^24 
/ = -13— »13 



Refinement 

Refinement on F 2 
Least-squares matrix: full 
R[F 2 > 2o(F 2 )] = 0.032 
wR(F 2 ) = 0.081 
S= 1.00 

3124 reflections 
230 parameters 
0 restraints 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
Hydrogen site location: inferred from neighbouring 
sites 

H-atom parameters constrained 
w = V[o 2 (F 2 ) + (0.0384P) 2 ] 
where P = (F 0 2 + 2F 2 )/3 
(A/o) max < 0.001 

Apmax = 0.76 e A~ 3 
Ap mi „ = -0.72eA" 3 



Special details 

Experimental. Agilent Technologies (2011) CrysAlis PRO Software system, version 1.171.34.49, Agilent Technologies UK Ltd, Ox- 
ford, UK 

Geometry. All s.u.'s (except the s.u. in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The 
cell s.u.'s are taken into account individually in the estimation of s.u.'s in distances, angles and torsion angles; correlations between 
s.u.'s in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell s.u.'s is 
used for estimating s.u.'s involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted ic-factor wR and goodness of fit S are based on F 2 , conventional 

R- factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2o(F 2 ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement. R- factors based on F 2 are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 

x y z U iso */U eq 

Sn 0.18670 (3) 0.011355 (13) 0.22279 (2) 0.02375 (11) 

01 0.0690 (3) 0.09638 (13) 0.2930 (2) 0.0267 (6) 

02 -0.0780 (3) 0.34947 (13) 0.5942 (2) 0.0309(6) 
H2o -0.0354 0.3553 0.6636 0.046* 
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Atomic displacement parameters (A 2 ) 



jjU V 22 jjii v n jjU V 23 

Sn 0.02822 (16) 0.02438 (17) 0.01860 (15) 0.00018 (11) 0.00060 (10) -0.00033 (10) 

01 0.0341 (15) 0.0238 (15) 0.0217 (14) 0.0056 (12) -0.0027 (10) -0.0038 (11) 

02 0.0410 (17) 0.0274 (16) 0.0237 (15) 0.0055 (13) -0.0045 (12) -0.0050(12) 



sup-4 



supplementary materials 



01 
\JJ 


a (\a in / 1 ~i\ 
U.U4iy \l 1 ) 


A AT 11 (\ (i\ 

U.U3 11 ^1 0) 


A A777 ( 1 C\ 

U.UZ / / (,1 Jj 


A A1 7a /I A\ 

U.U1Z3 yi^f 


A AAO/1 (\ 7\ 

U.UUo^ y\-Z) 




A AACA (\ a\ 

U.UU Dy yi-J) 


IN 1 


U.UZ 11 \1 1) 


\j.\jZjZ ylo) 


\J.\)ZZZ ^lOj 


A AA 11 /I A\ 

U.UU13 yi-^) 


A AAAO ( 1 1\ 

U.UUUo yi-J) 




u.uuz / yi^) 


JNZ 


U.UZjU (loj 


a ni/cn /1 o\ 
U.UZoU (loj 


A A 1 Q7 /1 fi\ 

u.uiyz (loj 


A AAAQ (\ A\ 

U.UUU3 yi-^f) 


a AA/17 (\ a\ 
U.UU4Z y\-j) 




A AAA1 n A\ 

U.UUU3 y\-4) 


c 1 

L-l 


A A 1 00 ( 1 Q\ 

u.uiyy yio) 


A A7Q /")\ 

u.uzy jzj 


A ATAA ( 1 Q\ 

u.uzuu (lyj 


A AA C A (\ C\ 

U.UUjU (loj 


A AA71 (\ A\ 

U.UUZ3 yi-^) 




A AAAO (\ ~l\ 

U.UUUo yY 1) 


tz 


A A 1 A/1 / 1 o\ 
U.Uiy^ \ i<j) 


A AT/1 /">\ 

U.UZ4 ^Z J 


A A 1 AC /I Q\ 

u.uiyj ^ioj 


A AA7/1 (\ f.\ 

u.uuz^ ^ loj 


A AA 17 /I A\ 

U.UU1Z yi-^) 




A AA 17 /I C\ 

U.UU 1Z yl-J) 


Co 


U.UZ D (Z J 


A All (1\ 

U.U33 (ZJ 


A A7AA (\ Q\ 

u.uzuu (iyj 


A AA11 (\ Q\ 

U.UU33 yio) 


U.UUZ / yL j) 




A AA 17 /I 7\ 

U.UU1Z yl 1 ) 




u.uzy yz ) 


A A7Q 

u.uzy (zj 


a A7/1 1 nn\ 

u.uz4i (iyj 


A AA/iC / 1 o\ 
U.UUoj (loj 


A AA IO / 1 C\ 

u.uuio y\-~>) 




A AAA 1 / 1 7\ 

U.UUUI yl / ) 


Co 


U.UZo yZ ) 


A Al C /7\ 

U.UZj (ZJ 


A AT IO (\C\\ 

u.uzio (lyj 


A AAQ 7 / 1 7\ 

U.UU^ 1 \i- 1 ) 


A AAAQ ( 1 A\ 

u.uuuy yi^) 




A AAA/; ( 1 C\ 

U.UUUo (loj 


Co 


A (ITC /7\ 

U.UZ J yZ ) 


A A7Q /7\ 

u.uzy yz) 


A ATA/I (\ Q\ 

U.UZUU ^loj 


A AACA /I ~J\ 

u.uu jy yl / ) 


A AAAC (\ C\ 

U.UUUj yi-~>) 




A AA/1 A (\ ~l\ 

u.uu^u yi / ) 


t / 


r\ noon a q\ 
U.UZZU yly) 


U.UZo yZ) 


u.uzio (lyj 


a Anno (\ ~i\ 
u.uuuy yY 1) 


A AAA 1 (\ A\ 

u.uuui yi^) 




U.UU34 yl / ) 


to 


U.UZ30 {ly) 


A A7Q OA 

u.uzy yz) 


A AT 11 / 1 C\\ 

u.uzi 1 (lyj 


A AAA Q (\ Q\ 

U.UUUo (loj 


A AA 1 A / 1 A\ 

u.uuiy yi^) 




A AA 1 A / 1 H\ 

U.UU1U yl / ) 


vJy 


U.U44 yZ ) 


A A7Q /'OA 

u.uzy yz) 


A ATA /7\ 

u.uzu yz ) 


A AA7 /7\ 

u.uuz yz) 


u.uuzy \ Y i) 




A AAA 1 H P\ 

U.UUUI ^loj 


1 1U 


a at a /7\ 
U.U3U [Z ) 


A A77 OA 

u.uz / yZ) 


A A717 (\ Q\ 

u.uzj / (lyj 


A AA1 1 /I Q\ 

U.UU3 1 ^1 0) 


A AA7/1 (\ C\ 

U.UUZ4 ^ 1 J) 




a AAaa (\ ~}\ 
U.UU j j yl 1 ) 


1 1 

L-l l 


U.UZ3U yly) 


A 7 OA 

U.UZ / (,ZJ 


U.UZo yZ ) 


A AA71 (\ ~}\ 

U.UUZj \ Y 1) 


A AAAO (\ C\ 

U.UUUo (1 D) 




A AAAQ (\ ~}\ 

U.UUUo yl 1 ) 


C1Z 


a a 1 77 (\ Q\ 
U.U1 / / ylo) 


a A70 OA 
U.UZo yZ) 


A A77 /7\ 

U.UZ / yZ) 


A AAAA / 1 f\ 

U.UUUU (lOJ 


a AAaa /1 /i\ 
U.UU33 




A AA1C (\ ~l\ 

U.UU3 J yl 1) 




A A71 OA 

U.UZ3 ^Z ) 


A AT 7 /"7\ 

U.U3Z (ZJ 


A A1 1 /OX 

U.U31 yZ ) 


A AA7C (\ Q\ 

U.UUZ J ylo) 


A AAAC (\ C\ 

U.UUUJ ^loj 




A AA 11 /I Q\ 

U.UU 11 ylo) 


C14 


0.027 (2) 


0.027 (2) 


0.047 (3) 


-0.0004 (19) 


-0.0059 (18) 




-0.001 (2) 


C15 


0.031 (2) 


0.036 (3) 


0.041 (3) 


0.009 (2) 


-0.0062 (18) 




-0.011 (2) 


C16 


0.028 (2) 


0.046 (3) 


0.031 (2) 


0.008 (2) 


0.0005 (17) 




-0.004 (2) 


C17 


0.026 (2) 


0.034 (2) 


0.028 (2) 


0.0020 (19) 


0.0032 (15) 




0.0007 (19) 


C18 


0.043 (3) 


0.040 (3) 


0.031 (2) 


-0.008 (2) 


0.0029 (18) 




0.003 (2) 


C19 


0.045 (3) 


0.042 (3) 


0.048 (3) 


-0.011 (2) 


0.006 (2) 




-0.020 (2) 


Geometric parameters (A, °) 














Sn— Ol 




2.156 (3) 


C8— C9 


1 


.506 (5) 


Sn— 03 




1 Ann 

z.uyy (3) 


C9- 


-H9A 


n 
U 


.9800 




Sn— N2 




Z.14S (3) 


C9— H9B 


n 
U 


.9800 




Sn— C18 




O 1 nc 
z.IUj (4) 


C9— H9C 


n 
U 


.9800 




Sn— C19 




O 1 1 O //I \ 
Z.LIZ (4) 


C10— Cll 


1 
1 


.377 (5) 


Ol— CI 




1 "5 1 n 1 a \ 
1.31 / (4) 


C10- 


-H10 


A 

u 


.9500 




02— C5 




1.36/ (5) 


Cll— C12 


1 

1 


.476 (5) 


02— H20 




n 0 /inn 
U.64UU 


C12- 


-C13 


1 

1 


.390 (6) 


03— Cll 




1.3U3 (5) 


C12- 


-C17 


1 

1 


.398 (5) 


Nl— CI 




1 mn 
1.3UU (D) 


C13- 


-C14 


1 

1 


.380 (6) 


Nl— N2 




1 i n/; \ 
1.3V6 (4) 


C13- 


-H13 


A 

u 


.9500 




N2— C8 




1 Til 

1.313 (5) 


C14— C15 


1 

1 


.393 (6) 


CI— C2 




1 a "7n 
1.4 /V (5) 


C14- 


-H14 


A 
U 


.9500 




C2— C3 




1 i n 1 

l.jyl (d) 


C15- 


-C16 


1 
1 


.384 (6) 


C2— C7 




1 /inn 
1.4UU (5) 


C15- 


-H15 


A 
U 


.9500 




C3— C4 




1 1QA 1 £\ 

1.364 (6) 


C16— C17 


1 
1 


.388 (6) 


C3— H3 




n n^nn 


C16- 


-H16 


A 


.9500 




C4— C5 




1.363 \ j) 


C17- 


-H17 


A 
U 


.9500 




C4— H4 




ri ncnn 

o.ysoo 


C18- 


-H18A 


A 

0 


.9800 




C5— C6 




1.404 (5) 


C18- 


-H18B 


0 


.9800 




C6— C7 




1.381 (5) 


C18- 


-H18C 


0 


.9800 




C6— H6 




0.9500 


C19- 


-H19A 


0 


.9800 




C7— H7 




0.9500 


C19- 


-H19B 


0 


.9800 




C8— CIO 




1.417(5) 


C19- 


-H19C 


0 


.9800 





sup-5 



supplementary materials 



mi c. no 
U3 — bn — Clo 


nn nn ( 1 c\ 
yu.uy (1 D) 


MO pn UflD 

Co — cy — nyt> 


1 nn c 


Ml o„ pin 

U3 — bn — Ciy 


no i£ ( 1 c\ 
yo.ZO (10) 


i in * pn i i(u) 

hiyA — cy — nyt> 


1 nn c 


p, i o« Ml 

Ul — on — U3 


1 c c no ( 1 n\ 
iDD.Uo (1U) 


mo pn i in/' 

Co — cy — hiyc 


1 nn c 

iuy.3 


M1 Q Cn ( ' 1 Q 

C 1 o — bn — C 1 v 


1 1/1 £C (W 0\ 

1Z4.0D (lo) 


TTQ A MQ I !()/ ' 

hiyA — cy — riyc 


1 no c 

iuy.3 


Ml MO 

U3 — bn — JNZ 


Ol ( 1 1 \ 

o3.oZ (11) 


i inn pn i in/' 

nyr> — cy — riyc 


1 nn c 


m 1 o c \n 
Clo — bn — JNZ 


1 n nc / 1 C\ 
1Z3.UZ) (1 j) 


M11 Min MO 

Cll — C1U — Co 


1 1£ *7 ( A\ 

1Z0. / (4) 


pm c xn 
Ciy — bn — JNz 


in i a ( i £\ 
1 1Z.Z4 (10) 


mii pin 1 1 w\ 
Cll — C1U — hllU 


1 1 c n 
llo. / 


Clo — bn — Ul 


y4. 1U (1 j) 


mo m 1 n uin 
Co — C 1 U — rl 1 U 


110./ 


Pin c-. ( \ i 

C 1 V — bn — U 1 


nn a/z ( i c\ 

yy.40 (O) 


Ml M 1 1 M 1 n 

U3 — C 1 1 — C 1U 


1 1/1 1 ( A\ 

1Z4.1 (4) 


JNZ — bn — Ul 


"71 11 / 1 1 \ 

/3.31 (11) 


Ml M 1 1 M 1 1 

U3 — Cll — C1Z 


1 1 A O (1\ 

1 14.0 (3 ) 


M 1 ni c-. 

CI — Ul — bn 


111 £ /1\ 

113.0 (Z) 


Min M11 M11 

C1U — Cll — Clz 


111 n (A \ 
1Z1.U (4) 


Cj — UZ — HZU 


1 nn c 


Mil mii pn 
C13 — ClZ — CI / 


1 1 O O ( A\ 

1 lo.o (4) 


CI 1 — U3 — bn 


nc i /")\ 
IZj.1 (Z) 


M11 M11 M11 

C 1 3 — C 1 Z — C 1 1 


111 O {1 \ 

1Z1.0 (3) 


M 1 XT 1 XT') 

CI — IN 1 — JNZ 


111 a fy\ 
LLZA (3) 


pn mii mii 
CI / — ClZ — Cll 


1 1 n i ( a\ 

ny.3 <4) 


PO XT1 XT 1 

Co — JNZ — JN 1 


1 1 /C O /"3\ 

11 0.o (3) 


Pl/I M11 M11 

C14 — C13 — ClZ 


1 in ~i ( A\ 
IzU. / (4) 


MO XT') C« 

Co — JNZ — bn 


n/; i /i \ 
1Z0.3 (3) 


Pi/i mii mi 
C 14 — C 1 3 — hi 1 3 


1 1 n *7 

ny. / 


XT1 XT') 

JN 1 — JNz — bn 


IIO.Z) (Z) 


M11 Mil T_T11 

C 1 Z — C 1 3 — hi 1 3 


i in i 

ny. / 


xt 1 n ( \ i 
JN 1 — CI — Ul 


111 £ //I \ 

1Z3.0 (4) 


M11 Pl/I P1C 

C 1 3 — C 1 4 — C 1 j 


1 in c ( a\ 
1ZU.D (4) 


xt 1 n n 
JN 1 — CI — CZ 


110 A f1\ 

1 10.4 (3) 


M 1 1 M 1 A TT 1 A 

C 1 3 — C 1 4 — rl 1 4 


1 1 Q H 

i iy. / 


Ul — CI — Cz 


1 1 o n /i \ 
1 lo.U (3) 


M 1 C M 1 A II 1 A 

CI J — C14 — hi 14 


1 1 n *7 

ny. / 


Ml PO M*7 

C3 — Cz — C / 


1 1 O C /" A \ 

llo.D (4) 


PU M1C PI /I 

C 1 0 — C 1 j — C 1 4 


1 1 n 1 ( a\ 

ny.i (4) 


mi n mi 
C3 — CZ — C 1 


111 f\ f1\ 
1Z1 .U (3 ) 


pi/: M 1 C I T | c 

C 1 0 — C 1 J — rl 1 3 


1 in a 
IZU. 4 


M*7 n M1 

C / — Cz — C 1 


1 in c /i\ 
1ZU.Z) (3) 


Pl/| p| f IT t C 

C 14 — C 1 J — rl 1 j 


1 in a 
IZU. 4 


M/i mi n 
C4 — C3 — Cz 


111 i //i \ 
121.3 (4) 


pi c pu pn 
C 1 j — C 1 o — C 1 / 


1 in c fA\ 
1ZU.0 (4) 


M/1 Ml II") 

C4 — C3 — hi 3 


1 1 n i 
lly.3 


M1C PU I I 1 

C 1 j — C 1 0 — rl 1 0 


i m i 

ny. / 


Ml Ml I I ~) 

Cz — C3 — H3 


i i n i 
lly.3 


pn pu uu 
C 1 / — C 1 0 — hi 1 0 


i in t 

ny. / 


MC M/1 Ml 

CD — C4 — C3 


1 1 n n //i \ 
1 ly.y (4) 


pu pn mii 
ClO — CI / — Clz 


1 in i (a \ 
IZU. 3 (4) 


MC M/1 I 1 ,1 

CD — C4 — rl4 


1 in i 
1ZU.1 


PU pn it 1 n 

ClO — CI / — rll / 


1 1 n n 

i iy.y 


Ml M/l IT /l 

C3 — C4 — rl4 


1 in 1 
1ZU.1 


mii pn 1 1 1 "7 
ClZ — CI / — rll / 


1 1 n n 

ny.y 


MO MC M/1 

Uz — CD — C4 


11 /.o (3) 


c pio moA 
bn — C 1 0 — H 1 OA 


1 nn c 

iuy.D 


m MC M£ 

Uz — CD — Co 


111 £ /"]\ 
1ZZ.0 (3) 


PI O T_J 1 OT3 

bn — C 1 o — H 1 or> 


1 nn c 

iuy.!> 


M/1 MC ( 

C4 — CD — Co 


i i n £ / /i \ 
liy.O (4) 


TU10A MIO ill on 

H 1 OA — C 1 o — H 1 or> 


1 nn c 

iuy.3 


M*7 M£ MC 

C / — Co — C J 


1 in n n\ 
12U.U (3) 


C M 1 O IT 1 OM 

bn — C 1 o — H 1 oC 


1 nn c 

iuy.!> 


M*7 M£ I \f 

C / — Co — HO 


1 in n 
1ZU.U 


moA mio moM 
H 1 0 A — C 1 o — H 1 oC 


1 nn c 

iuy.D 


Cj — Co — hlo 


1 in n 
1ZU.U 


moo MIO Ul OM 

H 1 or> — C 1 o — H 1 oC 


1 nn c 

iuy.!> 


{ • A M*7 PO 

Co — C / — Cz 


1 in n ( a\ 
1ZU. / (4) 


c p| n TJ1 fl A 

bn — c i y — H 1 yA 


1 nn c 

iuy.D 


Cf, CI Wl 


110 7 
11". / 


C n M1Q Ul QR 
oil V 1 y 1 1 1 yd 


1 U7.J 


C2 — C7 — H7 


119.7 


H19A — C19 — H19B 


109.5 


N2 — C8 — CIO 


123.3 (3) 


Sn — C19 — H19C 


109.5 


N2 — C8 — C9 


119.0 (4) 


H19A — C19 — H19C 


109.5 


CIO — C8 — C9 


117 7 (4) 

11/./ \~TJ 


H19B — C19 — H19C 


109.5 


C8 — C9 — H9A 


109.5 






Ml M1 M1 

U3 — bn — U 1 — C 1 


1 "7 ^ i A \ 

-I / .4 (4) 


— C4 — CD — (JZ 


1 in /z n\ 
1 /y.O (3) 


MIO C / \ I pi 

C 1 8 — Sn — 0 1 — C 1 


—116.5 (3) 


C3 — C4 — C5 — C6 


1 i 

-1.3 (6) 


CI 9— Sn— Ol— CI 


117.4 (3) 


02— C5— C6— C7 


-179.7(3) 


N2— Sn— Ol— CI 


6.8 (2) 


C4— C5— C6— C7 


1.2 (6) 


CI 8— Sn— 03— Cll 


158.3 (3) 


C5— C6— C7— C2 


0.3 (6) 


CI 9— Sn— 03— Cll 


-76.6 (3) 


C3— C2— C7— C6 


-1.7 (5) 


N2— Sn— 03— Cll 


35.0 (3) 


CI— C2— C7— C6 


175.6 (3) 



sup-6 



supplementary materials 



P. 1 C~ P.0 ri 1 

U 1 — an — Uj — C 1 1 


CO 1 fA\ 

(4) 




Ml MO PO P 1 Pi 

JN 1 — JN2 — C8 — CIO 




1 *7A A /"2 \ 

i /y.y (3) 


P1 Ml MO PO 

CI — JN 1 — JN2 — Co 


1 Oo. j (3) 




C~ MO PO PI/1 

an — JN 2 — C8 — C 1 0 




O A fC\ 
O.U {D) 


pi \ti \n c~ 
CI — JN 1 — JN2 — an 


A 1 SA\ 

4.2 (4) 




Ml MO PO PPi 

JN 1 — JN2 — C8 — Cy 




1.2 (5) 


p.i c« \n po 
Ui — an — JN 2 — Co 


-24.1 (3) 




C« MO PC PQ 

an — JN 2 — Co — cy 




— 1 /U. / (3 J 


n n o„ \n po 

C 1 8 — an — JN 2 — Co 


1 1 A T 
— 11U.Z (3) 




mo po pin P11 
JN2 — C8 — CIO — CI 1 




11.3 (o) 


pin c« mo re 
C 1 y — an — JN 2 — Co 


72.3 (3) 




PQ PO P 1 Pl P 1 1 

cy — Co — c i u — c 1 1 




1 *7A A fA \ 
— 1 /U.U (4 ) 


p.1 c~ \n po 
Ul — an — JN2 — Co 


Ico.y (3) 




c~ p.o P11 P1A 
an — Vi — C 1 1 — C 1 0 




1A *7 

-3U. / {?) 


p*o o~ \n mi 
— an — JN2 — JN 1 


1 £ /I A /"3\ 

lo4.U (3) 




C~ P.0 P11 PIO 

an — Vi — C 1 1 — C 1 2 




1 f I A (1 \ 

ID 1.4 (3) 


PI o C« MO M 1 

C 1 o — an — JN 2 — JN 1 


/O.U (3) 




PO P 1 Pi P11 P.0 

C8 — CIO — CI 1 — Vi 




U.o (o) 


pin c~ \n Ml 

C 1 y — an — JN 2 — JN 1 


AA C (1 \ 

-yy.j (3) 




PO P1A P11 PIO 

C8 — CIO — CI 1 — C12 




1 *70 1 (A \ 

1 /o\3 (4) 


P.1 C~ MO M1 

Ol — an — JN2 — JN 1 


-5.9 (2) 




P.0 P11 PIO P 1 O 

Vi — Cll — C12 — C13 




1 cn A fA\ 

-15U.4 (4) 


MO M1 PI P.1 

JN2 — JN 1 — CI — Ul 


2.4 (5) 




P 1 Pi P11 PIO P 1 O 

CIO — Cll — C12 — CI i 




31.7 (5) 


MO M1 PI PO 

JN2 — JN 1 — CI — C2 


— \ /0.3 (3) 




pi P11 pio pn 
Ui — Cll — C12 — CI / 




lb. 5 {j) 


c~ nl pi M1 

an — Ul — CI — JN 1 


-1.1 (5) 




pipi P11 pio pn 
CIO — Cll — C12 — CI / 




— 151.0 (4) 


c~ ni pi po 

an — U 1 — C 1 — C2 


ni i /o\ 
1/1.1 (2) 




P 1 "7 PIO PIO PU 

CI / — C12 — C13 — C14 




-\).D (o) 


Ml P| PO PQ 

JN 1 — CI — C2 — Cj 


— 16 /.5 (3) 




P11 PIO PIO pu 

Cll — C12 — CI J — C14 




1 HC ^ ( A\ 

1 /0.2 (4) 


Ol— CI— C2— C3 


13.7(5) 




C12— C13— C14— C15 




1.1(6) 


Nl— CI— C2— C7 


15.3 (5) 




C13— C14— C15— C16 




-0.6 (6) 


Ol— CI— C2— C7 


-163.5 (3) 




C14— C15— C16— C17 




-0.6 (6) 


C7— C2— C3— C4 


1.7(6) 




C15— C16— C17— C12 




1.3 (6) 


CI— C2— C3— C4 


-175.6 (3) 




C13— C12— C17— C16 




-0.7 (6) 


C2— C3— C4— C5 


-0.2 (6) 




Cll— C12— C17— C16 




-177.5 (4) 


Hydrogen-bond geometry (A, °) 












Cgl, Cg2 and Cg3 are the centroids of the C12-C17, Sn,01,Cl,Nl,N2 and C2-C7 rings, respectively. 
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Symmetry codes: (i) x, -y+l/2, z+1/2; (ii) -x,j>+1/2, -z+1/2; (iii) -x, -y, -z+1; (iv) -x+1, j>-1/2, -z+1/2. 
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